. A merit of this paradigm is that memory formation is initiated after a single event, thus allowing precise timing of (C) Frcund and Pcttman, U.K., 1998 53 memory-associated events, in addition, the events associated with the training experience itself can be readily dissociated from the processes occurring during memory formation, when the stimulus is no longer present (Rose, 1991) . The formation of memory for the passive avoidance task involves a well-documented ascade of biochemical, electrophysiological, morphological events including (a) an increased glucose utilization (Rose & Csillag, 1985) ; (b) an increased calcium flux; (c) PKC translocation (Burchuladze et al., 1990) ; and (d) changes in dendritic spine density (Patel et al., 1988 (Patterson et al., 1990 ). The IMHV is regarded as homologous to the mammalian striate cortex and receives inputs from visual auditory somatosensory systems (Bradley et al., 1985; Rose, 1991 (McCabe& Horn 1988; Bock et al., 1996) ] and have been implicated in passive avoidance learning. Thirty minutes after training on the latter task, the binding of the NMDA receptor is increased (Stewart et al., 1992) , whereas injections of MK-801 (a non-competitive NMDA receptor antagonist), either before or up to 5 min .after training, cause amnesia (Burchuladze & Rose, 1992) . A role for the inhibitory transmitter GABA has also been suggested; training results in an enhanced number of GABA receptors (Martijena & Arce 1994) , whereas bilateral injections of the GABA agonist, muscimol, produce amnesia (Clements & Bourne 1996) . We have also shown changes in amino-acid-transmitter (glutamate and GABA) release from slices of IMHV incubated in high potassium media (Daisley & Rose 1994 (Benveniste & H0ttemeier, 1990) . In previous research, (Gruss & Braun 1996 At 24-hr post-hatching, the experimental chick was removed from the brooder and anesthetized by placing it in a container saturated with halothane (4%). About 15 min later, the chick was removed from the container, and then the anesthetized animal was mounted in a stereotactic frame; during the surgery halothane (2%) was pumped over the nostrils to maintain the chick under anesthesia. A microdialysis probe (CMA/ll; lmm; Cuprophan; CMA Micro-dialysis, Sweden) was implanted into the left IMI--IV and fixed on the skull with dental cement (Harvard Dental Germany). Implantation coordinates were with respect to the y-point AP +38 mm L +23 mm V +21 mm. After the implantation, the animals were returned to a home pen, where they were allowed to recover from the operation for 1-2 hr. The microdialysates were analyzed for aminoacid content, using a method adapted from Lindroth & Mopper (1979) and later developed by Gruss & Braun (1996) . In brief, the modified method involved an HPLC system equipped with a C-18 reversed-phase column (LiChrospher RP 18; Merck, Germany). The column was eluted using a nonlinear gradient from 13% to 100% methanol in 01 M phosphate buffer (pH 7.4). After automatic precolumn derivatization with o-phthaldialdehyde (oPA; Sigma, Germany), the eluent was monitored using fluorescence detection Chromatograms were analyzed using a PC-based, HPLC Manager program (Merck Germany).
Data analysis
As described in a previous work (Gruss & Braun, 1996) In general, the levels of amino acids were similar to those found previously in the chick forebrain (Gruss & Braun 1996) . Basal levels of extracellular GABA were not detectable in all experiments, which agrees with previous data from other microdialysis studies (Qume et al., 1995; Gruss & Braun, 1996) . This result may be due in part to the oPA-derivatization technique, which yields highly unstable derivatives of GABA, with a half-life time of only 4 min (Lasley, et al 1984 (Westerink et aL, 1987; Fujikawa et aL, 1996) and was also observed by us in previous experiments using chicks (Gruss & Braun, 1996) . The reasons for the increased taurine levels may be multi-fold and may be related to its assumed role as an osmoregulator (Solis, et aL, 1988; Wade, et al., 1988) .
The presentation of methylanthranilate to the anesthetized chicks as an olfactory stimulus resulted in increased glutamate accumulation in both MeAand W-birds; nevertheless, the significantly larger response in the MeA-trained birds indicated that memory for the aversive taste must play an important part. Thus, re-presenting the stimulus, although only alerting olfactory-associated activity, appears to be sufficient to produce IMHV activity. The olfactory bulb of birds is thought to have connections, via a medial route, to areas of the hyperstriatum (Kieke & Wenzel, 1978) . This would provide a route for olfactory-based learning. Recently, associating a bead-peck merely with the odor of MeA has been demon-strated to be sufficient to produce an avoidance of the test bead 10 min after training (Burne & Rogers, 1997) , again suggesting that our results are related to the learning element in the task. Because of their training regime, however, a greater likelihood of glutamate elevation in the MeA-trained chicks cannot be ruled out because we did not control for this factor by using a neutral olfactory stimulus. The small effect in the W-trained birds does suggest that an olfactory stimulus may up-regulate the general activity and efficacy of olfactory pathways.
In conclusion, we suggest that the changes in extracellular glutamate levels that we found on training and testing are associated in part with nonspecific concomitants of the training and testing experience rather than with memory formation per se. That increased glutamate was also found during handling and injection of the anesthetic (a stressful event) would also imply that the IMHV is involved in or is affected by such arousal The greater changes found in the MeA-trained birds, however, and the differences in their responses, both on testing and on presentation of the MeA-odor, suggest that at least part ofthe enhanced glutamate accumulation is indeed related to memory formation. The studies presented here suggest, therefore, that use of the microdialysis technique can provide valuable information about the spatio-temporal dynamics of neurotransmitter involvement in the synaptic plasticity that is associated with memory formation.
